The role of cell wall polysaccharides in leucocyte recruitment and granuloma formation in paracoccidioidomycosis was investigated. The inflammatory cells recruitment to the peritoneal cavity in rats inoculated with cell wall fraction (CW-265 or F1-265) from an avirulent strain of Paracoccidioides brasiliensis (Pb265), was greater than that observed for the cell wall fraction (CW-HC or F1-HC) recovered from the virulent strain (PbHC). Moreover, the inoculation of F1-HC and F1-265 into the subcutaneous layer of mice resulted in the formation of nodular and not progressive granulomatous lesions. The size and mean time of evolution of these lesions was proportional to the degree of virulence of the sample from which they were derived. Analyses showed that both F1 fractions contained P-glucan and chitin. Only P-glucan was able to trigger attraction and concentric organization of polymorphonuclear neutrophils and macrophages at the inflammatory foci, and the difference in the concentration of this compound in the cell walls of PbHC and Pb265 could explain the inflammatory capacity exhibited by the two strains of P. brasiliensis.
INTRODUCTION
Paracoccidioidomycosis is a chronic progressive fungal infection characterized by granulomatous and suppurative inflammatory reactions (Restrepo e t al., 1983) . The disease is caused by Paracoccidioides brasiliensis and has been characterized as the most important systemic mycosis in Latin America. It seems to affect only humans and is the cause of high mortality in populations at risk in endemic countries. The initial pulmonary lesion is asymptomatic in most cases, and may then regress spontaneously, become latent, or disseminate contiguously and/or via the lymphatic system (Sever0 e t al., 1979).
The disease is associated with many factors, some of them concerning the fungus, such as fungal strain and virulence, (San-Blas & San-Blas, 1977) and others related to host competence (Robledo e t al., 1982) . Few , cell wall from P. brasiliensis Pb265; CW-HC, cell wall from P. brasiliensis PbHC; F1-265, alkali-insoluble fraction isolated from CW-265; F1-HC, alkali-insoluble fraction isolated from CW-HC.
responsible for the pathogenicity and virulence of this fungus. Thus, the objective of the present investigation was to explore the nature of the cell wall components of P.
brasiliensis involved in inflammatory cell recruitment leading to the development of a mature granuloma which characterize the complex inflammatory process of paracoccidioidomycosis.
METHODS
Fungal strain and culture conditions. The virulent strain of I). 
10 min. The wall samples were submitted to lipid extraction as previously described (Carareto Alves et al., 1987) . The dried cell wall residues from PbHC and Pb265 were called CW-HC and CW-265, respectively.
Partial fractionation of cell walls. CW-HC and CW-265 were suspended in 1 M NaOH (10 mg m1-l) and gently stirred at room temperature for 1 h. After centrifugation at 5000g for 10 min, the supernatants were collected and the procedure repeated four times, combining all the supernatants and treated as described below. The alkali-insoluble sediment was washed with water until it reached pH 7.0 and then with ethanol, followed by acetone, and diethyl ether. The resulting white powder was incubated with trypsin (100 pg ml-l) in 0.01 M potassium phosphate buffer (pH 7.2) for 4 h at 37 "C. After trypsin treatment, the suspensions were centrifuged at 20000 g for 10 min, the supernatant solution was discarded, and the cell wall pellet was washed repeatedly with distilled water. The resulting sediment was called fraction F1-HC and F1-265, respectively.
The pooled supernatants obtained after treatment of cell walls with NaOH, were neutralized with acetic acid and left to stmd overnight at 4 "C, after which a precipitate formed. The suspension was then centrifuged as before. The precipitate m d the supernatant were collected, dialysed separately against distilled water and freeze-dried, yielding fractions F2 (alkalisoluble and precipitable with acid) and F3 (alkali-soluble and non-precipitable with acid), respectively.
Preparation of p-glucan by enzymic treatment of F1 fractions. Samples (10 mg) of F1-HC or F1-265 fractions were incubated at 37 "C for 24 h with 1 ml 0.6 mg chitinase ml-' in 0.05 M sodium acetate buffer (pH 5.0) and 5 p1 toluene. After incubation, the supernatant was removed and the residue was further treated with chitinase. The procedure was repeated fi~ie times and the resulting sediment was washed with water ard with ethyl alcohol and finally dried in an oven at 37 "C. Tl1e chitinase-treated F1 fractions were also submitted to tkle protease Pronase E (Sigma) treatment (1 mg 5 .0) and the mixture was incubated at 37 "C. After 24 h incubation, the reaction mixture was placed in a boiling-water bath for 5 min to inactivate the enzymes. Qualitative analysis for monosaccharides was performed by paper chromatography procedures described by Iianetsuna et a/. (1969) . Neutral sugars and amino sugars were visualized with alkaline silver nitrate reagent (Trevelyan e t al., 1950) and Elson-Morgan reagent, respectively (Partridge, 1948).
Glucose content was quantified by the phenol-sulphuric acid assay (Dubois e t al., 1956 ), and glucosamine as described by Kanetsuma et al. (1969) . Infrared spectra were recorded on KBr discs using a Shimadzu IR-27G spectrophotometer.
Animals. Male Wistar rats weighing 160.0-1 80.0 g and BALB/c mice weighing 18.0-20.0 g were used throughout.
Evaluation of leucocyte influx into the peritoneal cavity.
Groups of six rats were injected intraperitoneally with a different amount of each preparation to be tested. At appropriate intervals thereafter the rats were killed with ether and injected intraperitoneally with 10 ml of PBS-containing heparin. The abdomens were gently massaged and 5 ml of blood-free cell suspension was carefully withdrawn with a syringe. Abdominal washings were placed in plastic tubes and total cell counts were performed immediately in a Neubauer Chamber. For differential counting a cell pellet was obtained by centrifugation and resuspended in 0.4 ml PBS containing 3 % (w/v) bovine serum albumin. The cells were stained with May-Grunwald-Giemsa and differential counts (200 cells 
RESULTS

Inflammatory cell recruitment into the peritoneal cavity of rats induced by P. brasiliensis cell walls
The total number of cells in the peritoneal fluid measured 24 h after injection of 1 mg of CW-265 or CW-HC into the peritoneal cavity of rats is shown in Table 1 . Both cell wall preparations significantly increased the number of inflammatory cells in the peritoneal cavity when compared with the control group receiving only PBS ( P < 0.001).
Moreover, CW-265 induced a significantly greater migration than CW-HC ( P < 0.002). Table l shows that when differential cell counts were performed on these peritoneal washouts, the number of polymorphonuclear and mononuclear cells was significantly increased in the CW-265 group when compared to the CW-HC group ( P < 0.005) and to the control group ( P < 0.001). 
Comparison of the inflammatory cell recruitment activity induced in rats by F1-265 and F1-HC fractions
In an attempt to determine which cell wall components are involved in the inflammatory cell recruitment activity, the CW-265 and CW-HC were fractionated according to their different solubilities in alkali. Thus, 46 O h and 21 YO were recovered as the alkali-insoluble F1-265 and F1-HC fractions from the same amount of CW-265 and CW-HC, respectively. When different amounts of both F1 fractions were injected separately into the rat peritoneum, they produced a dose-dependent increase in total leucocytes 24 h after injection, although fivefold concentration of F1-HC was needed to induce the same biological effect as that of' F1-265.
The kinetics of cell recruitment induced by both F1 fractions revealed a gradual increase in polymorphonuclear leucocytes which was highest 4 to 24 h after inoculation and which declined slowly over 48 h (Fig. la) . In contrast, a secondary mononuclear cell phase beginning at 24 h and lasting up to 192 h after injection was observed for the F1-HC fraction (Fig. lb) . Interestingly, F1-265 was more active in inducing mononuclear cell recruitment between 24 and 96 h after injection than F1-HC. However, the cell recruitment activity of F1-HC was still present at 192 h, a fact that was not observed for F1-265.
Chemical, enzymic and spectroscopic analysis of F1 fractions
Two hypotheses can be proposed: (a) the active components present in both F1 fractions may be different or (b) they may be the same but found in different concentrations. Quantitative analyses showed that both F1 fractions contained the same amount of glucosamine. However, glucose was twofold less abundant in the F1-HC than in F1-265. Chitinase treatment of both F1 fractions which were previously treated with trypsin and pronase, yielded a product characterized as P-glucan by infrared spectroscopy. Thus, the infrared spectra did not show absorption bands at 848 and 820 cm-' due to a-glycosidic linkages and did show a band at 895 cm-' due to Pglycosidic linkages.
Moreover, cellulase and P-glucosidase treatment of F1-HC and F1-265 yielded a product characterized as chitin by the same spectroscopic technique. The soluble component liberated after chitinase treatment was characterized as N-acetylglucosamine by paper chromatography, and the component liberated after treatment of the F1 fractions with P-glucosidase or cellulase was characterized as glucose. These results suggest that F1-HC and F1-265 contain chitin and P-glucan, with chitin found in the same amount in both fractions and P-glucans at a higher concentration in F1-265 than that in F1-HC.
Comparison of the inflammatory cell migration activity induced by chitin and /3-glucan
T o test whether chitin or P-glucan was responsible for the leucocyte cell migration activity of both F1 fractions, we isolated chitin (C-HC and C-265, obtained from F1-HC and F1-265, respectively) and P-glucan @G-HC and PG-265, obtained from F1-HC and F1-265, respectively) by enzymic treatment as described above and looked for a leucocyte influx to the peritoneal cavity of rats 4, 24 and 48 h after intraperitoneal injection of the preparations. The results shown in Fig. 2 demonstrated that P-glucan is the active component of the F1 fractions of both strains of the fungus. A decrease in total leucocyte cell recruitment was observed at 24 and 48 h when compared to the influx observed at 4 h (Fig. 2) , a phenomenon that was not observed when the F1 fractions from both strains were used as inflammatory stimuli. Moreover, injections of different amounts of PG-265 and PG-HC into rats produced a dose-dependent increase in total leucocytes 24 h after inoculation (1952 & 198,3658 (chitin recovered from F1-265). Data representing a typical experiment are expressed as the m e a n f~~~ for six rats in each group. 0, PBS (negative control).
Granuloma induced by the F1 fractions
To test whether the F1 fractions recovered from the two strains differ in granuloma-inducing activity and whether inflammatory cell recruitment to the peritoneal cavity is correlated with subcutaneous inflammation, the F1 -HC and F1-265 fractions were injected into the subcutaneous layer of mice (100 pg each) and the granuloma was evaluated 4, 8, 16 and 32 d later. The inoculation of F1-HC and F1-265 resulted in the formation of nodular, not progressive lesions. The size and mean time of evolution of these lesions was directly proportional to the degree of virulence of the sample from which they were derived. As shown in Fig. 3 , the granuloma induced by F1-HC was observable until 32 d, whereas the inflammatory reaction induced by F1-265 was more intense on the 4th and 8th days of observation and had resolved by 32 d after inoculation. Moreover, histological analysis showed that these granulomas were populated by an intense polymorphonuclear cell infiltrate during the early stages after inoculation, by polymorphonuclear and mononuclear cells during the middle stage, and by mononuclear cells during the final phase of the inflammatory process.
DISCUSSION
The data support the idea that leucocyte cell recruitment and granuloma formation in paracoccidioidomycosis depends on the polysaccharide composition of the agent which triggers attraction and concentric organization of polymorphonuclear neutrophils and macrophages at the inflammatory foci. The importance of polymorphonuclear neutrophils in paracoccidioidomycosis has been suggested by the mass- Leucocyte recruitment by glucans of Paracoccidioides brasiliensis ive infiltration of these cells at the inflammatory sites during the initial stage of the disease in man (Franco & Montenegro, 1982) as well as in experimentally infected animals (Carareto Alves e t al., 1987; Silva & Fazioli, 1985) . The presence of polymorphonuclear neutrophils has also been detected in the suppurative region of the granulomatous lesions characteristic of the chronic phase of this mycosis (Bogliolo & Lima Pereira, 1987; Figueiredo e t al., 1986) . Here, we demonstrated that a similar inflammatory response was observed when rats were injected with cell wall preparations or with polysaccharide cell wall fractions from P. brasiliensis, suggesting that these substances may play a role in the virulence and pathogenicity of this fungus.
Chemical and spectroscopic analysis showed that the chemical constituents present in both F1 fractions are similar, so that the element responsible for the induction of cell migration to the rat peritoneum may have been present in different concentrations in the two fungal strains studied. In fact, we found higher levels of P-glucan in F1-265 than in F1-HC. In contrast, chitin levels were identical in the two F1 fractions. Moreover, the results shown in Fig. 2 demonstrate that P-glucan was the main active component in both F1 fractions.
As demonstrated here, inflammatory reaction can be induced by P. brasiliensis cell wall components. Macrophages and cytokines such as tumour necrosis factor (TNF) may also play a pivotal role in these events. T N F levels have been associated with various infectious diseases (Scuderi et al., 1986) , and high concentrations of circulating T N F have been demonstrated by our group in paracoccidioidomycosis (Silva & Figueiredo, 1991) . Moreover, the differences of T N F levels induced by both F1 fractions when mice were injected intraperitoneally were correlated with the P-glucan concentrations in these fractions (Figueiredo e t a/., 1993) . These findings support a role for the polysaccharide cell wall components of the fungus P. bradiemis in inducing macrophage mediators such as T N F which might be a determining factor in the modulation of the inflammatory process in paracoccidioidomvcosis.
There I S a correlation between granuloma-inducing ability of F1 fractions as well as macrophage activation and chemotaxis with the metabolism of these fractions by the host cells, whose active component (P-glucan) is continuously and slowly degraded. Cell wall components such as a-glucan have been associated with the virulence of P. Drasiliensis (San-Blas e t al., 1977) . This polysaccharide exists only in the parasitic yeast form of the fungus, but not in the mycelial form. The reduced cell wall a-glucan in mutants or laboratory-passaged strains is directly correlated with a decrease in virulence. In contrast, mutants with a higher amount of a-glucan have increased virulence. The avirulent strain Pb265, used here, contains 2.6-fold less a-glucan than the virulent PbHC strain as demonstrated in this study. We may conclude that the relatively greater proportion of P-glucan and the relatively lesser proportion of a-glucan in the cell wall of Pb265 strain can explain its diminished virulence by the mechanism of elicitation of a more vigorous inflammatory response and presumably more efficient clearance by the host. In contrast, the high proportion of a-glucan, which is located more externally on the cell wall of the fungus (Kanetsuna e t al., 1972) , protects P-glucan 'from metabolism by the host (San-Blas & San-Blas, 1982), whose active component is slowly degraded with a consequent continuous stimulus for a long period of time at the site of inoculation.
